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INTRODUCTION

At these World Congresses of Gastroenterology, pa-
pers on Helicobacter pylori (HP) and Helicobacter-
related diseases will be reported by many authors. Of
the more than 2000 published papers on the new spiral
organism, this review can only mention the most rele-
vant and definite new advances. The format for the
review has been taken from chapters on infectious
disease from the Cecil Textbook of Medicine. The im-
plication of this step is that H. pylori is no longer a
medical curiosity but has made a place for itself in the
mainstream of modern medical practice. The review
has been updated to include important new findings
presented at Digestive Diseases Week (DDW), New
Orleans 1994.

DEFINITION

Helicobacter pylori is the type species of the new
genus Helicobacter. These organisms are curved or
spiral, Gram negative, and flagellated (1), the general
characteristics of most mucus-associated intestinal bac-
teria. H. pylori grows best in an atmosphere of reduced
oxygen (5-15%) with added CO,. These conditions are
easily obtained in the lab by use of Campylobacter
atmosphere generation kits, or CO, incubators (2). Ideal
temperature is 37°C, rather than the higher temperature
(42°C) required by the Campylobacters.

Table 1 lists important members of the Helicobacter
genus. They have been separated from Campylobacters
because they have sheathed flagella, a unique fatty acid
profile, different respiratory quinones, and a very dif-
ferent 16SRNA sequence. For these reasons H. pylori
is more related to the genus Wollinella, commensal of
the cow rumen (3).

Notably, Helicobacters usually live in the stomach
and require urease enzyme to colonize the mucus layer.
Animal Helicobacters are only weak pathogens, but
they do cause mild chronic gastritis and active gastritis
in the wk after the initial infection. They are not
definitely related to animal diseases although most col-
onized species are known to occasionally develop gast-
ric erosions and/or ulcers (ferrets, cats, dogs, and pigs).

Although no ideal animal model exists for Helico-
bacter pylori and peptic ulcer, Koch’s postulates have
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been fulfilled for H. pylori and gastritis in gnotobiotic
pigs (4), mice (5), and monkeys (6). Important to note,
Helicobacter felis, the organism initially cultured from
cats, can colonize in the stomach of mice where it
causes chronic gastritis, atrophic gastritis, and possibly
even premalignant changes. This model of chronic
infection mimics that present in humans in that it is
not transmitted between the mice, and it is difficult to
eradicate except with triple therapy regimens (see be-
low). In addition, prevention of H.felis infection by oral
immunization of mice with urease or H. pylori surface
antigens implies that immunotherapy may be able to
prevent or even treat human infections (7).

EPIDEMIOLOGY

Transmission

H. pylori is thought to be spread by the fecal-oral
route because it can be cultured from the diarrheal
stools of infected children in the Gambia (8) and oc-
casionally from infected adults in the UK (9). H. pylori
can easily be cultured from dental plaque in Indians
(10), but only rarely can viable organisms be found in
the mouth of persons in Western countries (11, 12).
This indicates that oral-oral transmission (kissing or
pre-mastication of food) may not be an important mode
of transmission in Western countries. Evidence against
oral transmission was presented at DDW by Blecker et
al (13) who found that H. pylori was never transmitted
to Dutch infants from their infected mothers in the first
yr of life. In that study HP infection was monitored by
serology and breath test.

Probably, infection between parents and children
only occurs occasionally, but the presence of inconti-
nent, ambulant young children amplifies the infectivity
in a family group. In the UK, prevalence of H. pylori
in adulthood was significantly higher if there was more
than one person per room in the family home during
childhood, if a bed was shared, or if there was no hot
running water in the house (14). These events are really
surrogate markers for large family size and lower socio-
economic status.

The source of H. pylori infection in some countries,
for example, Peru, may be the water supply. Klein et
al found that in order to be protected from infection,
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HELICOBACTER PYLORI

TABLE 1
Important Members of the Helicobacter Genus
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Disease associations and

Name Host Features
other comments
H. pylori Human Seven sheathed flagella at one Causes gastritis in humans.
end Also sometimes found in
domesticated or caged ani-
mals e.g., monkeys, pigs,
cats
H. mustelae Ferret Several randomly-placed Gastritis and erosions com-

H. helmanii (previously gastros-
pirillum hominis)

Cats, dogs, humans (rarely)

H. felis Cats and dogs

flagella

Corkscrew appearance, many
flagella at one end, no axial
filaments

As for helmanii except also has
axial filament

monly develop in ferrets
About 1% of human gastritis
cases are caused by this
bacterium, presumably ac-
quired from cats and dogs
Isolated from a cat, can be
propagated in mice, useful

o |

for a vaccine model

children in Peru needed to have a water supply from a
private well with indoor plumbing (15). Socio-eco-
nomic status or indoor plumbing was not protective if
the children drank water from the municipal supply.

Nosocomial transmission between patients undergo-
ing endoscopy has been reported by several authors.
With manual endoscope washing, such transmission
occurs in 1 to 3% of endoscopies but does not appear
to occur in modern endoscopy units where endoscopes
are mechanically sterilized and washed (16). The ina-
bility of gastroenterologists to adequately clean endo-
scopes in some countries may prevent them performing
follow-up examinations after H. pylori therapy because
patients cured of the bacterium could be re-infected.
To prevent this, noninvasive testing with breath test is
recommended for posttreatment assessment of patients.
Where endoscopy is necessary, postprocedure admin-
istration of a single antibiotic or bismuth dose might
be worthwhile.

Accidental (17) and deliberate (18, 19) infections with
H. pylori have been reported in detail, as well as epi-
demics of gastritis transmitted by infected gastric secre-
tions (20), so the acute manifestations (in adults at
least) are well described (see below).

Western Countries

In general, the following statements can be made to
summarize prevalence of H. pylori in Western coun-
tries:

a) H. pylori affects about 20% of persons below the
age of 40 yr and 50% of those above the age of 60 yr.

b) H. pylori is uncommon in young children.

¢) Low socio-economic status predicts H. pylori in-
fection.

d) Immigration is responsible for isolated areas of
high prevalence in some Western countries.

Figure 1 shows a typical prevalence curve from a
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FiG. 1. Epidemiology of H. pylori in western countries.

developed country. The annotations describe a low
prevalence in childhood, minimal increase before age
50, then a step up to a much higher prevalence after
age 50. Such a curve might incorrectly be attributed to
gradual acquisition with accelerated incidence in mid-
dle age, but such a scenario is unlikely. Most likely, the
prevalence reflects decreased incidence of new H. pylori
infections in today’s children and young persons. If so,
then the high prevalence in the elderly reflects long-
standing infection acquired in childhood during what
was (by today’s standards) a lower socio-economic
status for that individual. This hypothesis is supported
by the fact that serological studies of sera from epide-
miologists (21) and Californians (22) show that at least
a 50% decline in the prevalence of H. pylori has oc-
curred in the United States since 1968.

Underdeveloped Countries

In most underdeveloped countries a pandemic of H.
pylori goes unchecked, and most adults are infected.
Acquisition occurs in about 10% of children per annum
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between the ages of 2 and 8 yr so that most are infected
by their teens. Examples of this type of epidemiology
have been reported by Graham et al (23) and by Me-
graud et al (24). Figure 2 shows typical epidemiology
for countries such as Brazil, Africa, Asia, and Eastern
Europe. It is evident from these studies that the majority
of persons in the world are infected with H. pylori.

In areas where H. pylori affects the majority of per-
sons, most infections are asymptomatic, and the com-
munity tends to have other more pressing social and
health care problems. In addition, even diagnosis by
serology may be too expensive as are most of the
available treatment options. For these reasons, only
patients with severe or complicated peptic ulcer disease
warrant treatment, and most physicians ignore the ex-
istence of H. pylori.

Virulence and Pathogenicity

H. pylori has many putative virulence factors that
are listed in Table 2. Its flagella allow motility in the
gastric juice and gastric mucus (25). Urease enzyme, by
breaking down urea in the gastric juice, appears to
generate enough bicarbonate and ammonium ion
around H. pylori to allow its safe passage through the
gastric acid- barrier and its arrival at the protective
mucus layer (26, 27).

The pathogenic effect of ammonia has been docu-
mented by many investigators. Ammonia elevates the
pH of the gastric mucus layer from about 6 to 7 (28).
It is known to deplete aerobic cells of alphaketoglu-
tarate, an essential substrate for the TCA cycle. In rats,
gastric mucosa thins if they are fed ammonia in drink-
ing water (29). At DDW, Dial et al (30) reported
increased gastrin RNA message in rat mucosa exposed
to ammonia and agents that induce inflammation,
suggesting that the hypergastrinemia present in patients
with HP might be secondary to the presence of am-
monia (H. pylori urease). Along the same lines, Khulusi
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FiG. 2. Epidemiology of H. pylori in underdeveloped countries.
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TABLE 2
Factors that Might Enhance Virulence And Pathogenicity
in H. pylori
Factor Action

Spiral shape Allows motility in mucus
Flagella Efficient motility in mucus
Specific attachment to Selective colonization of gas-
phosphatidylethanola- tric, mucus-secreting, epithe-
mine, GM3 ganglioside, lial cells
Lewis B antigens

Urease Survival in gastric environ-
ment, ammonia is toxic to
epithelial cells in some ani-
mal models

Survival in gastric mucosa and
possibly within phagocytic
vacuole (protection from
H,0,)

Digestion of epithelial cell
membranes and mucus
layer. Increased wettability of
mucosa

Digestion of epithelial cell
membranes and mucus
layer. Increased solubility of
mucus

Damage to epithelial cells, per-
haps allowing egress of nu-
trients from submucosa

Low molecular weight Attraction of neutrophils and
chemoattractant pro- mononuclear cells that sub-
teins sequently release reactive

oxygen species and interleu-
kins

Catalase

Phospholipase

Protease

Vacuolating cytotoxin

et al (31) have reported that H. pylori urease is increased
in duodenal ulcer patients, because H. pylori density is
greater in this group. Finally, several investigators have
documented that ammonia in high concentration in-
duces vacuoles exactly the same as those seen when
cells are exposed to the vacA toxin of H. pylori (32).
Data from Ricci et al (33) suggests that one role of vacA
appears to be a potentiation of this effect of ammonia.

Once within the gastric mucus, H. pylori is able to
attach to phospholipids, such as phosphatidylethanol-
amine (34), sialylated glycoproteins, such as ganglioside
GM3 (35), and Lewis B antigens present in persons
with blood group O (36, 37). Once attached to the
mucus layer and mucosa, H. pylori delivers soluble
proteases and phospholipase, which may be harmful to
both the integrity of the mucus layer and the underlying
cells. For example, the “wettability” of gastric mucus is
increased when H. pylori is present (38). This may be
caused by partial lysis of the phospholipid component.
Although not proven to be important, impaired mucus
strength may allow more luminal hydrogen ion to
penetrate the mucosa.

Cytotoxin

One of the most interesting aspects of H. pylori
pathogenicity is the so called “vacuolating cytotoxin”.
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This 87kDa protein is expressed in about 65% of H.
pylori strains and is responsible for creating vacuoles in
epithelial cells. These can often be seen in vivo in
electron micrographs and can be produced in vitro by
incubating cell cultures with H. pylori supernatants (39,
40). Nearly all patients with H. pylori-associated duo-
denal ulcer have an isolate that produces vacuolating
cytotoxin. The gene for cytotoxin protein is called vacA

‘and has been cloned by Cover et al (41). The vacA gene

is present in all H. pylori but only produces an active
protein in 65% of isolates.

A second protein at 127 kDa is called cytotoxin
associated gene A, or cagA. CagA is a marker for
vacuolating toxin effect, and the gene for cagA is only
present when vacA cytotoxic effect is present. Antibod-
ies to the toxin are present in nearly all duodenal ulcer
patients. Theoretically, absence of cagA antibody indi-
cates that duodenal ulcer is not present. Presence of
cagA or vacA has no clinical usefulness at this time,
and the exact function of cagA is unknown.

IMMUNOLOGICAL RESPONSE TO H. pylori

The host reaction to H. pylori may be an important
cause of mucosal incompetence because large numbers
of neutrophils and lymphocytes are attracted to the
bacterium. The attraction is related to the presence of
chemotactic proteins (greater than 30,000 Mwt) that
are liberated by H. pylori. Mononuclear cells release
interleukins (I12), tumor necrosis factor, and oxygen-
free radicals. Neutrophils also liberate oxygen radicals
in response to the bacterium (42). The link between
vacA toxin (see above) and duodenal ulceration may
be a more intensive neutrophil reaction (active gastritis)
with subsequent increased tissue damage (43).

The inflammatory response seems ineffective at erad-
icating H. pylori. This may be because the bacterium
produces superoxide dismutase (SOD) and catalase,
which protect it from being killed in neutrophil phag-
ocytic vacuoles. SOD converts superoxide into hydro-
gen peroxide, and catalase then breaks down the H,O,
into oxygen and water, interrupting the chain of events
which normally occurs.

The chronic inflammation (lymphocytes and plasma
cells) seen in the lamina propria of infected patients is
capable of secreting IgG and IgA. Both antibodies have
been used for diagnosis by detection in serum and saliva
(see below). In general, IgG is the most sensitive, but
IgA falls faster after H. pylori eradication, so it may
indicate eradication sooner than IgG (44).

Antibody production by cultured gastric mucosa has
been used recently to detect an immunological history
of H. pylori infection. If a cultured biopsy generates H.
pylori-specific antibody bands detectable by immuno-
blot, then infection must be present or must have
occurred at some time. This technique is able to detect
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immunological memory of the infection long after the
bacterium has disappeared. When patients with gastric
cancer were studied by this method, those without
current H. pylori infection were usually found to have
a positive immunoblot (45), i.e., they had been infected
with H. pylori in the past.

Inflammation and Carcinogenesis

The current hypothesis related to H. pylori and gast-
ric cancer is that chronic inflammation selects nongast-
ric (intestinal)-type epithelium for preferential growth
in the stomach. As this mucosa replaces functioning
parietal cell mucosa, acid secretion falls, and commen-
sal bacteria intermittently colonize the stomach. These
other bacteria may reduce nitrate to nitrite and then
predispose to the formation of carcinogenic nitro-
samines (46).

A second mechanism proposes that the chronic in-
flammatory cells generate superoxide and nitric oxide,
which can form both reactive oxygen species and nitro-
samine (47) with subsequent carcinogenic effects (48).

Supposedly, chronic gastritis leads to intestinal met-
aplasia (atrophic gastritis), which then undergoes malig-
nant change. Recent data presented in abstract form
suggests that eradication of H. pylori halts this process
and removes a key factor in the chain of events (49).

The carcinogenic effect of H. pylori infection is mod-
ulated by dietary and perhaps other environmental
factors. Sobala et al (50) have documented falls in
gastric vitamin C levels in H. pylori infected patients.
Vitamin C is an antioxidant and prevents the formation
of nitrosamines in the stomach.

There is also epidemiological evidence to support the
role of other factors in the causation of gastric adeno-
carcinoma. In the United States, most people were
infected with H. pylori until about 1960, but gastric
cancer rates fell precipitously starting around 1930 (51).
This may have been related more to improved diet and
standard of living than falling H. pylori status.

At DDW, Blaser et al (52) shed more light on this
subject. They detected a significantly higher incidence
of gastric cancer in Japanese Hawaiians of high birth
order than of low birth order. The hypothesis is that
the last born child, because of association with many
H. pylori infected siblings, would acquire H. pylori at a
much younger age than a first born child. Thus, the
increased risk of gastric cancer in last born children
could be caused by younger acquisition of the infection.
If so, then a small decline in the incidence of H. pylori
could have sudden and dramatic effects on gastric
cancer risk.

CLINICAL MANIFESTATIONS

Duodenal and Gastric Ulcer

The most obvious disease associated with H. pylori
is peptic ulceration. Figure 3 summarizes the associa-
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Fi1G. 3. Association between H. pylori and peptic ulceration.

tion. Essentially, more than 90% of duodenal ulcers
(DU) are caused by H. pylori. When a patient with DU
does not have H. pylori, etiological factors such as
Zollinger-Ellisson syndrome or nonsteroidal inflam-
matory drug (NSAID) use are likely (53).

In gastric ulcer, two causes prevail, and many patients
will exhibit both. Most gastric ulcers have H. pylori,
and these can be identified by presence of the bacterium
and/or chronic gastritis. The stomach is also directly
exposed to ingested agents such as NSAID and is more
likely than the duodenum to ulcerate in response to
these agents. Therefore, in the United States, about
35% of gastric ulcers are not associated with histological
chronic gastritis or H. pylori but are caused by NSAID.

Other etiologies can also be suspected or proven by
the histological appearance of the mucosa, Zollinger-
Ellisson syndrome and gastric cancer being two less
common causes of gastric ulcer other than H. pylori
and NSAID.

Association With Malignancy

There are two cancers associated with H. pylori.
Gastric carcinoma and lymphoma of the ‘mucosa as-
sociated lymphoid tissue’ (MALT).
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Adenocarcinoma. The incidence of this lesion hag
declined in the United States since 1930. At that time
it was the most common cancer, but now it ranks about
ninth. The current incidence is only 6 per 100,000
persons per annum, a decline from 50 in 1930 (22).
Worldwide, however, gastric cancer is the second most
common cancer, examples of high prevalence areas
being Brazil, Colombia, Korea, China, and Japan. H.
pylori infection affects more than half the population
in all these countries (54).

There are two histological types of gastric cancer, so
called diffuse (anaplastic - ‘cignet ring’) and intestinal
(well differentiated adenocarcinoma). It is the latter
(epidemic) type that is most increased in prevalence in
Third World countries and is strongly associated with
H. pylori (both types are increased in HP-infected per-
sons). The decline of gastric cancer in the United States
might be partially explained by a falling incidence of
H. pylori infection since 1930 and a decrease in inci-
dence of the intestinal type of gastric cancer.

In an extensive review of gastric cancer and H. pylori
(54), the Eurogast Study Group determined that pres-
ence of H. pylori confers an approximately 6-fold risk
of gastric cancer, accounting for about half of all gastric
cancers. Related work by investigators in Leeds, UK
(17), including observations during an acute H. pylori
infection, suggests that the factors important to carci-
nogenesis are hypo- or achlorhydria followed by a de-
cline in ascorbic acid levels in the gastric juice. Vitamin
C, an antioxidant, normally prevents formation of ni-
trosamine carcinogens that might otherwise result from
the inflammation and bacterial colonization.

Lymphoma. Mucosa-associated lymphoid tissue
(MALT) may undergo malignant change, causing a
low-grade lymphoma of the stomach. Retrospective
biopsy studies show that 90% of such MALT lympho-
mas are associated with H. pylori (55). Histologically,
many lymphoid follicles are seen in the mucosa that, if
stained for immunoglobulin, are shown to be mono-
clonal. In normal H. pylori- associated gastritis, lymph-
oid follicles are also seen, but they mostly regress after
effective therapy of H. pylori.

In the initial report .of the association, Wotherspoon
et al. (56) found that 92% of 110 MALT lymphomas
were associated with H. pylori compared with 50% of
control cases. Subsequent reports suggest that these
tumors are sometimes driven by continuing H. pylori
antigenic stimulus and regress when H. pylori is treated
(57, 58). In a recent abstract the German MALT-
Lymphoma Study Group (59) reported that apparent
cure of MALT lymphoma occurred in half the patients
in whom H. pylori was eradicated. In the future, H.
pylori therapy may be the initial step in the treatment
of proven or suspected gastric lymphoma.

AJG -

Th
lined
on th
and {
belov

Patie

simp
for h

cont
test s
of hi
in n
alter
histc

of th
the :

Quic
(su
ti0

*Qui

Mac
lal

*Ure
ce




AJG - August Suppl 1994
DIAGNOSIS OF H. pylori

The use of various available diagnostic tests is out-
lined in Table 3. The actual test chosen would depend
on the enthusiasm of the physician, the type of patient,
and the type of practice. Various scenarios are given
below.

Patients who Require Endoscopy

Histology and rapid urease test. At endoscopy, the
simplest method of diagnosis is mucosal biopsy, either
for histology or for rapid urease test (e.g., CLOtest). If
H. pylori diagnosis is going to make an important
contribution to management then the most sensitive
test should be used. Currently this is histology. The cost
of histology must be taken into account, however, and
in most cases the urease test offers an inexpensive
alternative.

Our practice is to do both tests and to discard the
histology specimen if the CLOtest turns red on the day
of the endoscopy. In patients with a negative CLOtest,
the mucosa is usually normal (90%) but 5-10% will
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have low numbers of H. pylori not detected by the
CLOtest (60). The presence or absence of H. pylori will
help determine the etiology of ulcer disease because
Zollinger-Ellisson syndrome and NSAID-induced le-
sions are not associated with chronic gastritis (53).

Culture. Culture of H. pylori should be used if anti-
biotic sensitivity of the organism is required. This is
especially important in patients who have antibiotic
allergies, or who have failed previous therapies, or in
countries where H. pylori has a high level of background
antibiotic resistance. Biopsies for culture should be kept
moist in a single drop of saline and plated within 2 h
of endoscopy. H. pylori grows in 3-6 days on chocolate
or brain-heart infusion blood agar, in a 10% CO; in-
cubator or Campy pac atmosphere at 37°C. Most labs
can culture the organism easily. Identification is by
presence of Gram-negative curved bacteria, rapid
urease+, catalase+, and oxidase+.

If culture cannot be performed close to the endoscopy
room, snap freezing biopsies on dry ice in skim milk
with 17% glycerol mixture allows shipping to the mi-

TABLE 3
Diagnosis of Helicobacter pylori

Method Specimen Sensitivity ~ Specificity Comment on usage

Quick serology test in office Serum (separated from clotted
(subject to CLIA88 regula- blood)
tions)

*Quick saliva test in office Saliva/gingiva (detects IgG)

Machine read ELISA done in Serum
lab

*Urea breath test (at some Breath sample
centers)

Urease test of biopsy One mucosal biopsy

Histology, Giemsa stain X2 Two mucosal biopsies

Culture of biopsy One mucosal biopsy

Culture of stool Stool sample

Polymerase chain reaction Stool sample, gastric juice, or
biopsy of stomach

95% 85% Performed in 10 minutes on serum. Gives yes
or no answer. Use to exclude/confirm H.
pylori (e.g., ulcers) in appropriate setting.

90% 85% Performed in 10 minutes on oral swab/saliva.
Gives yes or no answer

95% 95% Provides titer (OD) so that fall in antibody
titer can be assessed. Patients with rapid
antibody fall are cured. Persistent antibody
after therapy is common and may slowly
fall (12-18 mo), representing cure, or may
indicate continued infection.

95-98% 95-98%  Urease of H. pylori, active in the gastric mu-
cus layer of the stomach, generates labeled
CO, from breakdown of ingested urea.
Breath sample taken 20-40 minutes after
fasting patient ingests isotope in liquid (c')
or capsule (c'%). Sample is mailed to lab.
C" test has no radiation but costs more.
C'* test is less expensive and simpler.

90-95% 98% Simple biopsy test done at endoscopy. Urease
of H. pylori generates ammonia and causes
pH change. One-step test, no reagents, re-
sult in 20 minutes.

98% 98% Available to all gastroenterologists. Simple
and very accurate. Specimen can be re-ex-
amined in equivocal cases. Provides a per-
manent record.

90-95% 100% Antibiotic sensitivity information may help
guide therapy in refractory patients. Com-
monly used in research setting.

30-50% 100% Antibiotic sensitivity information is possible.
Only used in research setting at present.

95% 95% Experimental at present. False positive reac-
tions limit use as gold standard method.

* Not approved by the FDA.
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crobiology lab with minimal loss of viability during the
first month (61).

Note that elective endoscopy might be postponed for
1-2 wk if the patient has taken medication that would
interfere with H. pylori diagnosis e.g., Pepto Bismol
(bismuth), antibacterial agents, or omeprazole (62).

Noninvasive Diagnosis

Serology. Serology is the simplest and most widely
available diagnostic test. Usually IgG is elevated in
persons with H. pylori. Because H. pylori is a chronic
infection that does not resolve spontaneously, elevated
IgG indicates active infection, unless the patient is
known to have been treated for H. pylori in the recent
past (2 yr).

Two types of serological tests are currently available.
The rapid office tests are sensitive, but at present give
10% false positive results, so they may need to be
confirmed with a laboratory-based test in some patients
(see below). Nevertheless, in the office setting, sensitive
tests are able to exclude the diagnosis of H. pylori, so
they can direct work-up away from peptic ulcer disease
and gastritis, perhaps toward pancreatic or biliary dis-
ease. If rapid tests are less specific, they can be supple-
mented by another confirmatory method such as lab-
oratory-based enzyme-linked immunosorbent assay
(ELISA) (see below) or breath test.

The laboratory-based serology tests are able to quant-
itate the actual amount of antibody present. These tests
should be used to obtain a baseline antibody titer when
treatment of H. pylori is planned. This then allows
serological follow-up after therapy. For example, titers
obtained 1, 3, and 6 months posttherapy usually show
a consistent fall in successfully treated patients (44).

Although not generally available, rapid tests using
salivary and/or gingival IgG and IgA secretion have
been evaluated for detection of H. pylori. Although less
accurate than the best serum ELISA methods, these
tests may be equal to rapid office tests, are simpler, and
may be particularly appropriate for children. In one
evaluation study reported by Megraud et al (63), the
results for the gingival transudate were the following:
sensitivity 89% (17/19), specificity 98% (59/60), PPV
94% (17/18), and NPV 96% (59/61).

Breath Tests

Breath tests measure the actual presence of H. pylori
in the stomach by detecting its urease enzyme. Breath
tests are highly specific (98%) and very sensitive (95%).
They can indicate cure of H. pylori 4 wk after antibiotic
therapy, at a time when antibody tests will still give a
positive result. Breath tests can give false positive results
in patients who have had gastric surgery or who take
omeprazole (achlorhydria). False negative breath tests
easily occur in the same situations, but especially in
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patients who secretly take Pepto Bismol or antibiotic
in the days before the test.

For the 1*C-urea test patients eat a 120 ml high calorie
meal (to delay gastric emptying of the isotope) then
drink '3C-urea solution 10 minutes later. Breath is
transferred from a collection bag to vacutainers. Sam-
ples are taken at intervals for about 1 h and mailed to
the lab. Various modifications exist. The European
“standard”'*C-urea breath test uses a simplified method
with only one or two samples taken (baseline and 30
minutes) (64).

The “C-urca test is very similar but may be per-
formed without giving a meal and can be read imme-
diately in a scintillation counter (available at most
universities). The '“C-urea test exposes the patient to
radiation equivalent to one thousandth of an upper GI
series and is simpler than the "3C test.

Breath tests are investigational at present (July 1993)
but are being used in clinical trials in the United States
at several centers.

Therapy

General Principles

Therapy should not be given unless a diagnostic test
for H. pylori has been performed and a positive result
obtained. Even duodenal ulcers are not universally
infected with H. pylori. In fact, the absence of H. pylori
in peptic ulcer is a diagnostic pointer to an unusual and
perhaps more serious etiology (65).

There is no justification for treating patients longer
than 14 days. Cure rates have been less with shorter
therapies but longer therapies have not been shown to
result in higher cure rates. If 14-day therapy fails, the
bacterium is probably resistant to that antibiotic com-
bination and future therapy may need to be guided by
antimicrobial sensitivity testing of a cultured organism.

Compliance decreases with longer or more compli-
cated therapy. If compliant patients develop severe side
effects, they may terminate therapy at 7 days by which
time most infections have been eradicated.

If therapy fails, do not use the same combination
again. H. pylori easily becomes resistant to metronida-
zole and clarithromycin so these agents should not be
used twice unless antibiotic sensitivity data is available
to support their continued use. Even when antibiotic
resistance does not develop (for example, with amoxi-
cillin therapy), experience has shown that patients do
better on a different antibiotic therapy than with a
second course of the same therapy. After therapy, avoid
antimicrobial agents and omeprazole for at least 4 wk

before doing a diagnostic test (biopsy for histology and-

urease test or breath test) to confirm eradication (Fig.
4). The potential interfering effect of omeprazole on
diagnosis of H. pylori has been noted by several inves-
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FIG. 4. Algorithm for management of peptic ulceration (and dys-
pepsia).

tigators at DDW (1994) (66, 67). While on omeprazole,
H. pylori density decreased in the antrum and increased
1n corpus mucosa.

To prove cure with serology, serological studies
should demonstrate a falling antibody titer at several
points over 6 months or a decline to less than 50% of
the initial pretreatment value.

DEFINITION OF CURE

Cure is defined as failure to demonstrate H. pylori
by a sensitive technique 4 wk after the patient has
ceased all antimicrobial therapy and proton pump in-
hibitors. The most reliable and reproducible technique
is still gastric biopsy for histology (95-98% with two
samples) although culture is almost as sensitive in ex-
pert hands (95%+).

The urea breath test is also a valid method (95%+)
provided that the patient has not had previous gastric

surgery.

Reinfection

Reinfection is uncommon in Western countries, usu-
ally less than 1% per annum. Data to support this
comes from a study by Forbes et al (68) in which
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patients in Perth, Australia were followed up 7 yr after
H. pylori eradication. Reinfection rate was less than 1%
per annum, similar to that reported earlier by Borody
(69). Because spouses are often infected with H. pylori,
one might ask whether or not infected spouses need to
be treated to prevent re-infection of the patient. Cutler
et al (70) noted that the presence of an infected spouse
does not affect cure rate. Thus early reinfection (before
1 month) seems to be rare.

Reinfection in children may be more common
according to data reported by Oderda ez al (71). In that
report, reinfection rate was 18% after 1 yr. Thus erad-
icative therapy may not provide a permanent cure in
children where infected siblings provide an easy source
of reinfection (72). It might be useful therefore to screen
for and treat all H. pylori in the family when the index
case is a child.

Antibacterials That Can be Re-used

Antimicrobial drugs that do not induce resistance in
H. pylori are described in Table 4. The most useful of
these are amoxicillin, tetracycline, and bismuth. One
or two of these agents are usually given in combination
with metronidazole, clarithromycin, or omeprazole.

Antibacterials That Lead to Resistance

Antimicrobials that are known to induce resistance
are listed in Table 5. In general, resistance develops
because all populations of H. pylori have resistant or-
ganisms present in very low numbers (10-10) that are
selected out when single antimicrobial therapy is used.
The use of a second drug concurrently to suppress H.
pylori greatly reduces the chance of selecting out the
resistant clone. For example, cure rate with metroni-
dazole alone is virtually nil, but therapies of metroni-
dazole with bismuth, or metronidazole with amoxicil-
lin, cure greater than 80% of sensitive H. pylori strains.

Bismuth-based Therapies

Bismuth-tetracycline-metronidazole “triple therapy’.
As mentioned above, dual therapies with bismuth and
metronidazole have high cure rates for susceptible iso-
lates, but it is not cost effective to routinely obtain
antibiotic sensitivity results before therapy. Therefore,
the ‘triple therapy’ regimens are preferred because these
eradicate approximately 50% of metronidazole-resist-
ant isolates, giving ultimate cure rates of 85-90%.

The disadvantages of triple therapy (bismuth, tetra-
cycline, metronidazole) are the number of tablets (at
least 15 per day currently), the duration of therapy (10-
14 days), and side effects, such as diarrhea in 25-35%
of patients. None of the side effects are disabling or
long-lived, and patients may prefer triple therapy be-
cause of its low cost ($42 US).

The minimal duration of triple therapy is thought to
be 12 days, the optimal dose frequency is 5 times per
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TABLE 4
Antibiotics that can be Re-used and Do Not Induce Antibiotic Resistance in H. pylori

Drug Dose Duration Comment

Amoxicillin 500 mg g.id. or 1 G 7-14 days Occasional C. difficile

b.id.
Tetracycline 500 mg g.i.d. 7-14 days In triple therapy
Furazolidone 100 mg g.i.d. 14 days Variable efficacy as single agent (20-50%)
Bismuth subcitrate (CBS, De-Nol) 110 mg (1 tab) g.i.d. 14 days Variable efficacy as single agent (20-40%),

use in triple or dual therapy

Bismuth subsalicylate (BSS, Pepto-Bismol) 512 mg (2 tabs) 14 days As for CBS

g.id.

TABLE 5

Antibiotics that Do Induce Antibiotic Resistance in H. pylori (therefore should not be routinely re-prescribed in the same patient)

Drug Dose

Duration

Comment

Metronidazole (and other 750 mg-1000 mg/day

nitroimidazoles)

Clarithromycin (and other 500-1500 mg per 7-14 days

macrolides) day

7-14 days depending
on combination

May interact with alcohol, reversible neuropathy and
CNS side effects with long duration high doses,
but usage should be limited to 14 days, 1 G daily
in HP therapy

Unpleasant taste, disturbance limits dose to 1000
mg/day in most persons

central nervous system.

day, and almost 100% eradication can be achieved if it
is combined with omeprazole (73).

Bismuth has a short half-life in the gastric mucus
layer, so frequent dosing (at least g.i.d.) is preferred.
Because most H. pylori infections are cured in the first
wk, patients with severe side effects may discontinue
the drug after that time.

Omeprazole-based Therapies

Amoxicillin 1 G b.i.d., omeprazole 20 mg b.i.d. This
therapy has been compared with triple therapy by
Labenz et al (74). In their study the two therapies were
comparable for efficacy, but side effects were far less in
the amoxicillin-omeprazole combination. The cost of
this therapy is $130 US (75). After further evaluation
in 1993-4, the consensus is that this therapy has a cure
rate of 80% on average (almost equal to triple therapy).
In order to enhanced the cure rate, 4 times daily dosing
(500 mg q.i.d.) of amoxicillin and even supplementa-
tion with 1 G daily of metronidazole is recommended
by Lammouliatte et al (76).

Clarithromycin 500 mg b.i.d., omeprazole 20 mg
b.i.d.. Logan et al (77) has achieved an 80% cure rate
with this therapy. Side effects are very low. Treatment
failures may leave macrolide-resistant H. pylori. This
may be the best treatment for penicillin allergic patients
who have failed triple therapy and are assumed to have
a metronidazole-resistant isolate.

Other Therapies

Hentschel:  amoxicillin-tinidazole-ranitidine. In a
large, double-blind study described by Hentschel et al
(78), cure rate approximated 90% with a 14-day course

of amoxicillin (500 mg ¢.i.d.), metronidazole (250 mg
g.i.d.), and ranitidine (150 mg b.i.d).

Refractory Patients

Omeprazole-clarithromycin-amoxicillin. This com-
bination gives a cure rate of 90% (76). The duration of
therapy has not been optimized, and a shorter therapy
may be possible.

Omeprazole, with amoxicillin or clarithromycin, plus
metronidazole. These combinations give cure rates of
around 90% (76). Duration of therapy may be short-
ened to 1 wk with some omeprazole-macrolide-metro-
nidazole regimens. A low-dose rapid cure therapy using
clarithromycin 250 mg b.i.d., tinidazole 1 G daily, and
omeprazole 20 mg daily described by Bazzoli et al (79)
costs $90 US and gives high cure rates in 7 days. I
prefer to use slightly higher doses of clarithromycin
(500 mg b.i.d) and at least 20 mg b.i.d. of omeprazole
in this regimen.

Intravenous amoxicillin 1 G t.i.d. and oral omepra-
zole 14 days. In noncompliant patients, 14 days of this
therapy has resulted in cure rates approaching 80%.
This suggests that high systemic levels of amoxicillin
can penetrate the gastric mucosa to kill H. pylori (80).

RECOMMENDATIONS FOR THERAPY

At this time there is some dispute about the most
effective and proven therapies. My own preferences are
shown in Table 6. The doses and durations shown may
err slightly on the high side of what has been published,
but, until comparative studies are performed in the
United States, I think it is better to err on the side of
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TABLE 6
Current Best Choices for H. pylori Therapy*

Rx1: Take the following for 2 wk (cure rate 80%+): [USA] PB
tablets, 2 tabs 4 times daily (with meals and at bedtime); tetracy-
cline, 500 mg 4 times daily (same times as PB); metronidazole,
250 mg 4 times daily (same times as PB). [Europe, UK and
Australia] DeNol tablets, 1 tabs 4 times daily (with meals and at
bedtime); tetracycline, 500 mg 4 times daily; metronidazole, 250
mg 4 times daily.

Rx2: Take the following for 2 wk (cure rate 80%+): Amoxicillin,

500 mg 4 times daily; metronidazole, 250 mg 4 times daily;
omeprazole, 20 mg twice daily.

Rx3: Take the following for 1 wk (cure rate 90%): Clarithromycin,
500 mg twice daily; metronidazole, 250 mg 4 times daily; ome-
prazole, 20 mg twice daily.

Rx4: Take the following for 2 wk (cure rate 90%+): Amoxicillin,
500 mg 4 times daily; clarithromycin, 500 mg twice daily; ome-
prazole, 20 mg twice daily.

RxS5: Take the following for 2 wk (cure rate 70%+): Amoxicillin,
500 mg 4 times daily; metronidazole, 250 mg 4 times daily;
Ranitidine, 150 mg twice daily.

Rx6: Take the following for 14 days (cure rate 80%+): Amoxicillin,
500 mg 4 times daily; clarithromycin, 500 mg 3 times daily,
(omeprazole not necessary).

Rx7: Take the following for 14 days (cure rate 80%+): Omeprazole,
20 mg twice daily; clarithromycin, 500 mg 3 times daily (omepra-
zole not necessary).

* Notes taken from DDW (1994) abstracts: Many investigators
have been unable to achieve high cure rates with just omeprazole and
amoxicillin. Therefore I recommend addition of metronidazole, as in
Rx2.

If patient has had metronidazole therapy before (and failed ther-
apy), Helicobacter pylori has usually developed resistance. Therefore
omit this drug from the Rx2 and Rx3 regimens or use Rx4 or Rx6/
Rx7.

Best cure rate in comparative studies has been with Rx4 (76). Rx1
gives a greater than 90% cure with lower dose and 5 times daily
dosing if patient is well motivated and very compliant. Add omepra-
zole to Rx1 to give close to 100% cure rate (73).

PB, Pepto Bismol.

overtreatment rather than have to deal with antibiotic
resistant relapsing H. pylori.

Inexpensive Therapy Possible in Latin America

Gutierrez et al (81) have been able to eradicate 72%
of H. pylori with a 4-wk course of furazolidone 100 mg
g.i.d., and bismuth subsalicylate 2 tabs g.i.d. This may
prove to be the least expensive therapy available in
areas where metronidazole resistance is high. Furazoli-
done does not induce resistance in H. pylori, so it has
an advantage over combinations using nitroimidazoles
or macrolides.

PROGNOSIS

Asymptomatic Gastritis

In Western Countries, several follow-up studies have
shown an incidence of 1% per annum in development
of peptic ulcer disease for persons with H. pylori gast-
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ritis. Thus, lifetime ulcer rates for these persons are 30—
50% (82). According to the study of Parsonnet et al
(22), lifetime risk of stomach cancer in asymptomatic
infected persons is about 0.5% in the United States but
could be more in underdeveloped countries. Currently,
screening and therapy of asymptomatic gastritis in
Western countries is only marginally cost-effective
(about $20,000 per yr of lives saved in the USA) and is
not advocated. In subgroups with higher gastric cancer
risk, for example patients with a family history of gastric
cancer, H. pylori eradication is appropriate.

Nonulcer Dyspepsia

Several studies have addressed the issue of nonulcer
dyspepsia (NUD) and H. pylori. The most notable of
these recently published was that of O’Morain et al
(83). In that study, because of a strong placebo response,
initial observation could not demonstrate any major
benefit of H. pylori eradication in NUD patients. After
1 yr, however, improvement had been maintained in
the HP negative patients whereas patients with persist-
ent HP had mostly relapsed. Further studies are under
way to evaluate this dilemma using long follow-up (1
yr) after double-blind eradicative therapy.

Duodenal Ulcer

All double-blind studies reported to date have shown
improved ulcer healing and decreased relapse rate for
duodenal ulcer in which H. pylori has been eradicated.
According to NIH guidelines (NIH consensus confer-
ence, Washington DC, February 1994), management
of duodenal ulcer must include assessment of H. pylori
status and eradication of the organism. Overall, per-
manent duodenal ulcer cure rates of 90% are seen.
About 10% of patients still have ulcer relapse, usually
due to persistent basal acid hypersecretion or some
other undetermined permanent mucosal defect (84).

An important advance over the past 5 yr has been
the discovery that somatostatin deficiency occurs in
gastric antrum infected with H. pylori. Initially, hyper-
gastrinemia was noted, but acid output was not ob-
viously increased in the patients (85). Subsequently it
was discovered that immunoreactive somatostatin, D
cells, and somatostatin message were all decreased in
patients with gastritis. This abnormality was related
more to the inflammation than the actual presence of
H. pylori. According to El Omar et al (86), basal acid
secretion is increased 6-fold in duodenal ulcer patients
but falls back toward normal in the 6 months after H.
pylori eradication. These factors provide a plausible
link among H. pylori, gastritis, acid hypersecretion, and
peptic ulceration.

Gastric Ulcer

In gastric ulcer, two causes prevail, and many patients
will exhibit both. Most gastric ulcers have H. pylori,
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and these can be identified by the presence of the
bacterium and/or chronic gastritis. The stomach is also
directly exposed to ingested agents such as NSAID and
is more likely than the duodenum to ulcerate in re-
sponse to these agents. Therefore, in the United States,
about 35% of gastric ulcers are not associated with
histological chronic gastritis or H. pylori but are caused
by NSAID.

Other etiologies can also be suspected or proven by
the histological appearance of the mucosa; Zollinger-
Ellisson syndrome and gastric cancer are two less com-
mon causes of gastric ulcer other than H. pylori and
NSAID.

PREVENTION

Immunization

Antimicrobial therapy and immunization will both
be needed in the campaign against H. pylori. In western
countries, antibiotic therapy of H. pylori might elimi-
nate the disease because new infections are rare, even
in children. In underdeveloped countries, however,
there may be a role for vaccination because water
supplies may be contaminated, and reinfection will
soon occur in treated patients (94).

The most successful animal model for vaccine study
has been the mouse infected with H. felis. These mice
develop a chronic infection that is not transmitted to
other mice and that cannot be easily eradicated (5). By
giving H. pylori antigens orally (usually urease) in com-
bination with hydroxyapatite and cholera toxin, mice
can be protected from H. felis infection. Even more
exciting is the report from Corthesy-Theulaz ez al (95)
in which mice were actually able to eradicate the H felis
infection after being immunized with the above anti-
gen/adjuvent combination.

REFERENCES

1. Lee A, ORourke J. Gastric bacteria other than Helicobacter
pylori. Gastroenterol Clin North Am 1993;22:21-42.

2. Buck GE, Smith JS. Medium supplementation for growth of
Campylobacter pyloridis. J Clin Microbiol 1987;25:597-9.

3. Sly LI, Bronsdon MA, Bowman JP, et al. The phylogenetic
position of Helicobacter nemestrinae. Int J Syst Bacteriol
1993;43:386-7.

4. Eaton KA, Morgan DR, Krakowka S. Campylobacter pylori
virulence factors in gnotobiotic piglets. Infect Immun
1989;57:1119-25.

5. Fox JG, Blanco M, Murphy JC, et al. Local and systemic immune
responses in murine Helicobacter felis active chronic gastritis.
Infect Immun 1993;61:2309-15.

6. Baskerville A, Newell DG. Naturally occurring chronic gastritis
and C pylori infection in the rhesus monkey: A potential model
for gastritis in man. Gut 1988;29:465-72.

7. Chen M, Lee A, Hazell S. Immunization against gastric Helico-
bacter infection in a mouse/Helicobacter felis model. Lancet
1992;339:1120-21.

8. Thomas JE, Gibson GR, Darboe MK, et al. Isolation of Helico-
bacter pylori from human faeces. Lancet 1992;340:1194-5.

9. Gibson GR, Cummings JH, Kelly SM, et al. Isolation of Heli-

10.

11.

13.

14.

19.

20.
21.

22.

23,

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

AJG -Vol. 89, No. 8, 1994

cobacter pylori from patients in the UK: Implications for treat-
ment. Gastroenterology 1994;106,4(suppl2):81.

Desai HG, Gill HH, Shankaran K, et al. Dental plaque: A
permanent reservoir of Helicobacter pylori? Scand J Gastroen-
terol 1991;26:1205-8.

Krajden S, Fuksa M, Anderson J, et al. Examination of human
stomach biopsies, saliva, and dental plaque for Campylobacter
pylori. J Clin Microbiol 1989;27:1397-8.

. Bernander S, Dalen J, Gastrin B, et al. Absence of Helicobacter

pylori in dental plaques in Helicobacter pylori positive dyspeptic
patients. Eur J Clin Microbiol Infect Dis 1993;12:282-5.
Blecker U, Keppens E, Lanciers S, et al. Evolution of Helicobacter
pylori positivity in infants born to positive mothers.

Mendall MA, Goggin PM, Molineaux N, et al. Childhood living
conditions and Helicobacter pylori seropositivity in adult life.
Lancet 1992;339:896-7.

. Klein PD, Graham DY, Gaillour A, et al. Water source as risk

factor for Helicobacter pylori infection in Peruvian children.
Lancet 1991;337(8756):1503-6.

. Langenberg W, Rauws EA, Oudbier JH, et al. Patient-to-patient

transmission of Campylobacter pylori infection by fiberoptic
gastroduodenoscopy and biopsy. J Infect Dis 1990;161:507-11.

. Sobala GM, Crabtree JE, Dixon MF, et al. Acute Helicobacter

pylori infection: Clinical features, local and systemic immune
response, gastric mucosal histology, and gastric juice ascorbic
acid concentrations. Gut 1991;32:1415-8.

. Marshall BJ, Armstrong JA, McGechie DB, et al. Attempt to

fulfil Koch’s postulates for pyloric Campylobacter. Med J Aust
1985;142:436-9.

Morris A, Nicholson G. Ingestion of Campylobacter pyloridis
causes gastritis and raised fasting gastric pH. Am J Gastroenterol
1987;82:192-9.

Ramsey EJ, Carey KV, Peterson WL, et al. Epidemic gastritis
with hypochlorhydria. Gastroenterology 1979;76:1449-57.
Parsonnet J, Blaser MJ, Perez GI, et al. Symptoms and risk
factors of Helicobacter pylori infection in a cohort of epidemiol-
ogists. Gastroenterology 1992;102:41-6.

Parsonnet J, Friedman GD, Vandersteen DP, et al. Helicobacter
pylori infection and the risk of gastric carcinoma. N Engl J Med
1991;325:1127-31.

Graham DY, Adam E, Reddy GT, et al. Seroepidemiology of
Helicobacter pylori infection in India. Comparison of developing
and developed countries. Dig Dis Sci 1991;36:1084-8.

Megraud F, Brassens Rabbe MP, DenisF, et al. Seroepidemiology
of Campylobacter pylori infection in various populations. J Clin
Microbiol 1989;27:1870-3.

Hazell SL, Lee A, Brady L, et al. Campylobacter pyloridis and
gastritis: Association with intercellular spaces and adaptation to
an environment of mucus as important factors in colonization
of the gastric epithelium. J Infect Dis 1986;153:658-63.
Marshall BJ, Barrett LJ, Prakash C, et al. Urea protects Helico-
bacter (Campylobacter) pylori from the bactericidal effect of acid.
Gastroenterology 1990;99:697-702.

Murakami M, Yoo JK, Teramura S, et al. Generation of am-
monia and mucosal lesion formation following hydrolysis of urea
by urease in the rat stomach. J Clin Gastroenterol 1990;12:S 104~
9.

Kelly SM, Crampton JR, Hunter JO. Helicobacter pylori in-
creases gastric antral juxtamucosal pH. Dig Dis Sci 1993;38:129-
31.

Kawano S, Tsujii M, Fusamoto H, et al. Chronic effect of
intragastric ammonia on gastric mucosal structures in rats. Dig
Dis Sci 1991;36:33-8.

Dial EJ, Hall LR, Romero et al. An explanation for enhanced
gastrin response to a meal in patients with Helicobacter pylori
infection. Gastroenterology 1994;106,4(2suppl.):70.

Khulusi S, Mendall MA, Patel P, et al. Is there a quantifiable
difference in H. pylori infection density between DU and non-
DU patients? Gastroenterology 1994;106,4(2suppl):106.

Xu JK, Goodwin CS, Cooper M, et al. Intracellular vacuolization
caused by the urease of Helicobacter pylori. J Infect Dis
1990;161:1302-4.

Ricci V, Sommi P, Cova E, et al.Helicobacter pylori-induced cell

AJG

34. G

35. S|

36.

37.

38.

39.

40.

41.

42.

T PO D P CIey YO = Y ! << o IO o & 13 .= I o B 0

43.

44. |
45. |

46. |

47.

48.
49.]




n
is

1l

AJG - August Suppl 1994

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,
44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.
56.

57.

vacuolation: Cytotoxin potentiates the action of ammonia. Gas-
troenterology 1994;106,4(2suppl.):165.

Gold BD, Huesca M, Sherman PM, et al. Helicobacter mustelae
and Helicobacter pylori bind to common lipid receptors in vitro.
Infect Immun 1993;61:2632-8.

Slomiany BL, Piotrowski J, Samanta A, et al. Campylobacter
pylori colonization factor shows specificity for lactosylceramide
sulfate and GM3 ganglioside. Biochem Intern 1989;19:929-36.
Dickey W, Collins JS, Watson RG, et al. Secretor status and
Helicobacter pylori infection are independent risk factors for
gastroduodenal disease. Gut 1993;34:351-3.

Boren T, Falk P, Roth KA, et al. Attachment of Helicobacter
pylori to human gastric epithelium mediated by blood group
antigens. Science 1993; 262(5141):1892-5.

Goggin PM, Northfield TC, Spychal RT. Factors affecting gastric
mucosal hydrophobicity in man. Scand J Gastroenterol
1991;181(suppl):65-73. .

Figura N, Guglielmetti P, Rossolini A, et al. Cytotoxin produc-
tion by Campylobacter pylori strains isolated from patients with
peptic ulcers and from patients with chronic gastritis only. J Clin
Microbiol 1989;27:225-6.

Covacci A, Censini S, Bugnoli M, et al. Molecular characteriza-
tion of the 128-kDa immunodominant antigen of Helicobacter
pylori associated with cytotoxicity and duodenal ulcer. Proc Natl
Acad Sci U S A 1993;90:5791-5.

Tummuru MK, Cover TL, Blaser MJ. Cloning and expression
of a high-molecular-mass major antigen of Helicobacter pylori:
Evidence of linkage to cytotoxin production. Infect Immun
1993;61:1799-809.

Salim AS. The relationship between Helicobacter pylori and
oxygen-derived free radicals in the mechanism of duodenal ul-
ceration. Intern Med 1993;32:359-64.

Xiang Z, Bugnoli M, Rappuoli R, et al. Helicobacter pylori: Host
responses in peptic ulceration. Lancet 1993;341:900-1.

Hirschl AM, Brandstatter G, Dragosics B, et al. Kinetics of
specific IgG antibodies for monitoring the effect of anti-Helico-
bacter pylori chemotherapy. J Infect Dis 1993;168:763-6.
Crabtree JE, Wyatt JI, Sobala GM, et al. Systemic and mucosal
humoral responses to Helicobacter pylori in gastric cancer. Gut
1993;34(10):1339-43.

Sobala GM, Pignatelli B, Schorah CJ, et al. Levels of nitrite,
nitrate, N-nitroso compounds, ascorbic acid and total bile acids
in gastric juice of patients with and without precancerous con-
ditions of the stomach. Carcinogenesis 1991;12:193-8.

Correa P. Human gastric carcinogenesis: A multistep and multi-
factorial process-First American Cancer Society Award Lecture
on Cancer Epidemiology and Prevention. Cancer Res
1992;52:6735-40.

Leaf CD, Wishnok JS, Tannenbaum SR. Mechanisms of endog-
enous nitrosation. Cancer Surv 1989;8(2):323-34.

Parsonnet J, Samloff IM, Nelson LM, et al. Helicobacter pylori,
pepsinogen and risk for gastric adenocarcinoma. Gastroenterol-
ogy 1993;104(4):439 (abstract).

Sobala GM, Schorah CJ, Pignatelli B, et al. High gastric juice
ascorbic acid concentrations in members of a gastric cancer
family. Carcinogenesis 1993;14:291-2.

Parsonnet J. Helicobacter pylori and gastric cancer. Gastroenterol
Clin North Am 1993;22:89-104.

Blaser MJ, Chyou PH, Nomura A. Age at establishment of
Helicobacter pylori infection and risk of gastric carcinoma, gastric
ulcer and duodenal ulcer. A birth order and sibship size study.
Gastroenterology 1994;106,4(suppl2):53.

Sonnenberg A. Townsend WF. Testing for Helicobacter pylori in
the diagnosis of Zollinger-Ellison syndrome. Am J Gastroenterol
1991;86:606-8.

Eurogast Study Group. An international association between
Helicobacter pylori and gastric cancer. Lancet 1993;341:1359-
62.

Isaacson PG. Extranodal lymphomas: the MALT concept. Verh
Dtsch Ges Pathol 1992;76:14-23.

Wotherspoon AC, Ortiz Hidalgo C, Falzon MR, et al. Helico-
bacter pylori-associated gastritis and primary B-cell gastric lym-
phoma Lancet 1991;338:1175-6.

Hussell T, Isaacson PG, Crabtree JE, et al. The response of cells

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73;

74.

75.

76.

Tt

78.

79.

80.

81.

82.

HELICOBACTER PYLORI S127
from low-grade B-cell gastric lymphomas of mucosa-associated
lymphoid tissue to Helicobacter pylori. Lancet 1993;342:571-4.
Stolte M, Eidt S. Healing gastric MALT lymphomas by eradicat-
ing H pylori? Lancet 1993;342:568.

Bayerdorffer E, Neubauer A, Eidt S, MALT-Lymphoma Study
Group, et al. Double-blind treatment of early gastric malt-lyn-
phoma patients by H. pylori eradication. Gastroenterology
1994;106,4(suppl2):370.

Brown KE, Peura DA. Diagnosis of Helicobacter pylori infection
Gastroenterol Clin North Am 1993;22:105-15.

Han SW, Flamm R, Hachem CY et al. Transport and storage of
gastric biopsies and cultures containing Helicobacter pylori. Gas-
troenterology 1994;106,4(suppl2):89.

Daw, MA, Deegan P, Leen E, et al. Short report: The effect of
omeprazole on Helicobacter pylori and associated gastritis. Ali-
ment Pharmacol Ther 1991;5:435-9.

Megraud F, Bouchard S, Manier C. Detection of Helicobacter
pylori IgG in gingival transudate using a special collection device.
Gastroenterology 1994;106,4(suppl2):135.

Logan RP, Dill S, Bauer FE, et al. The european *C-urea breath
test for the detection of Helicobacter pylori. Eur J Gastro Hepa
1991;3:915-21.

Sonnenberg A, Townsend WF. Testing for Helicobacter pylori in
the diagnosis of Zollinger-Ellison syndrome. Am J Gastroenterol
1991;86:606-8.

S. Vigneri S, Termini R, Scialabba A, et al. Helicobacter pylori
and Chronic gastritis during omeprazole long-term treatment for
duodenal ulcer. Gastroenterology 1994;106,4(suppl2):206.
Kuipers EJ, Bloemena E, Hazenberg HJA, et al. Changes in
Helicobacter pylori associated gastritis during acid suppressive
therapy. Gastroenterology 1994;106,4(suppl2):112.

Forbes GM, Glaser ME, Cullen DJ, et al. Duodenal ulcer treated
with Helicobacter pylori eradication: Seven-year follow-up.
Lancet 1994;343(8892):258-60.

Borody TJ, Cole P, Noonan S, et al. Recurrence of duodenal
ulcer and Campylobacter pylori infection after eradication. Med
J Aust 1989;151:431-5.

Cutler AF, Schubert TT. Patient factors affecting H. pylori erad-
ication with triple therapy. Am J Gastroenterol 1993;88:505-9.
Oderda G, Vaira D, Ainley C, et al. Eighteen month follow up
of H. pylori positive children treated with amoxycillin and tini-
dazole. Gut 1992;33:1328-30.

Oderda G, Vaira D, Holton J, et al. H. pylori in children with
peptic ulcer and their families. Dig Dis Sci 1991;36:572-6.

TJ Borodv. P Andrews, NP Shortis et al. Optimal H. pylori
therapy: A combination of omeprazole and triple therapy. Gas-
troenterology 1994;106,4(suppl2):55.

Labenz J, Gyenes E, Ruhl GH, et al. Amoxicillin plus omeprazole
versus triple therapy for eradication of Helicobacter pylori in
duodenal ulcer disease: A prospective, randomized, and con-
trolled study. Gut 1993;34:1167-70.

Bayerdorffer E, Mannes GA, Sommer A, et al. High dose om-
peprazole treatment combined with amoxycillin eradicates H.
pylori. Gastroenterology 1992;4(2):38 (abstract).

Lammouliatte H, Cayla R, Zerbib F, Megraud F. Dual therapy
(DT) vs triple therapy (TT) for Helicobacter pylori eradication.
Preliminary results of a randomized double-blind trial. Gastro-
enterology 1994;106,4(suppl2):120.

Logan RP, Gummett PA, Hegarty BT, et al. Clarithromycin and
omeprazole for Helicobacter pylori Lancet 1992;340:239 (letter).
Hentschel E, Brandstatter G, Dragosics B, et al. Effect of Rani-
tidine and Amoxicillin plus Metronidazole on the eradication of
Helicobacter pylori and the recurrence of duodenal ulcer N Engl
J Med 1993;328:308-12.

Bazzoli F, Zagari RM, Fossi S, et al. Efficacy and tolerability of
a short term low dose triple therapy for eradication of Helico-
bacter pylori. Gastroenterology 1993;104(suppl2):40 (abstract).
Adamek RJ, Wegener M, Opferkuch W, et al. Successful Heli-
cobacter pylori eradication: A systemic effect of antibiotics? Am
J Gastroenterol 1993;88:792-3.

Gutierrez O, Ricaurte O, Correa P, et al. Bismuth plus furazoli-
done vs. Ranitidine in non ulcer dyspepsia (NUD) associated to
Helicobacter pylori. Gastroenterology 1994;106,4(suppl2):86.
Cullen DJE, Collins J, Christiansen KJ, et al. Long term risk of




S128

83.

84.

85.

86.

87.

83.

MARSHALL et al.

peptic ulcer disease in people with Helicobacter pylori infec-
tion - a community based study. Gastroenterology 1993;
104(suppl2):60 (abstract).

Patchett S, Beattie S, Leen E, et al. Eradicating Helicobacter
pylori and symptoms of non-ulcer dyspepsia. BMJ 1991;
303:1238-40.

Hirschowitz BL, Mohnen J, Shaw S. High recurrence rate of
duodenal ulcer despite H. pylori eradication in a clinical subset -
rapidly recurring peptic ulcer. Gastroenterology 1994;106,4
(2suppl):94.

Prewett EJ, Smith JT, Nwokolo CU, et al. Eradication of Heli-
cobacter pylori abolishes 24-hour hypergastrinaemia: A prospec-
tive study in healthy subjects. Aliment Pharmacol Therap
1991;5:283-90.

El Omar E, Penman I, Dorrian CA, et al. Eradicating H. pylori
lowers gastrin mediated acid secretion by 70% in DU patients
and 50% in healthy volunteers. Gastroenterology 1993;104
(suppl4):75 (abstract).

Eurogast Study Group. An international association between
Helicobacter pylori and gastric cancer. Lancet 1993;341:1359-62

Parsonnet J, Samloff IM, Nelson LM, et al. Helicobacter pylori,

89.

90.

91.

92.

93.

94.

95.

AJG - Vol. 89, No. 8, 1994

pepsinogen and risk for gastric adenocarcinoma. Gastroenterol-
ogy 1993;104(4):439 (abstract).

Sobala GM, Pignatelli B, Schorah CJ, et al. Levels of nitrite,
nitrate, N-nitroso compounds, ascorbic acid and total bile acids
in gastric juice of patients with and without precancerous con-
ditions of the stomach Carcinogenesis 1991;12:193-8.

Isaacson PG. Extranodal lymphomas: the MALT concept. Verh
Dtsch Ges Pathol 1992;76:14-23.

Wotherspoon AC, Ortiz Hidalgo C, Falzon MR, et al. Helicobac-
ter pylori-associated gastritis and primary B-cell gastric lym-
phoma Lancet 1991;338:1175-6.

Hussell T, Isaacson PG, Crabtree JE, et al. The response of cells
from low-grade B-cell gastric lymphomas of mucosa-associated
lymphoid tissue to Helicobacter pylori. Lancet 1993;342:571-4,
Stolte M, Eidt S. Healing gastric MALT lymphomas by eradicat-
ing H pylori? Lancet 1993;342:568.

Klein PD, Graham DY, Gaillour A, et al. Water source as risk
factor for Helicobacter pylori infection in Peruvian children.
Gastrointestinal Physiology Working Group. Lancet 1991;
337:1503-6.

Corthesy-Theulaz I, Vaney AC, Haas R, et al. H. pylori urease B
subunit as a therapeutic vaccine against H. felis infection.

0002-927(
THE AME]
Copyright

Sign
structy
(ENS)
it one
nervot
many
param
tinal |
nume;
with 3
(1-5).

The
the w
its up
(rectu
absen:
syster
behav
the ef
locate
Thes¢
musc
neurc
secref
inner
flow.

from
paras
from
terne
taine
are I1¢
obsel
dulat
motc




